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Abstract 
The article detailedly addresses the features of the petrophysical data, logging data, seismic data and geological data 
based on the concepts of the data mining. The mining ideas regarding the petrophysical and logging data, seismic 
data and geological data are made based on their features. The article uses different mining ways to process the 
corresponding data, and describes the results from the perspective of the functions of data mining. According to the 
data mining techniques, the petrophysical data are applied to find the relations and forecast reservoirs; the logging 
data will be employed to evaluate the fuzzy reservoirs and recognize the effective reservoirs in complicated 
geological conditions; the space mining results of the 3D seismic data; the charts and text mining results of the 
geological data. The oil and natural gas data mining in the exploration adopts the methods of data analysis and the 
corresponding mathematical model to process the exploration data, and get the potential information. It has realized 
the purpose that the data guide exploration and given the concept of data exploration.  
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Introduction 
Currently, different scholars define data mining variously, but the core ideas are the same: data mining 
is a process of extracting implicit, previously unknown, but potentially useful information and knowledge 
from a large quantity of incomplete, noisy, ambiguous and random data in the practical application[1-3]. 
In the oil and gas exploration and production, the data mainly is composed of petrophysical data, logging 
data, seismic data and geological data. In addition, well log data, drilling data and well test data are also 
included [4]. From the perspective of data, their resolution is from high to low and accuracy is from 
accurate to rough; from the point view of described geological body, the information of geological body 
is from small to large. Petrophysical data describes a section of single well, particularly a point in the 
geological body [5-10]. Logging data shows the vertical information of formation, which can be 
Available online at www.sciencedirect.com
 2012 Published by Elsevier B.V. Selection and/or peer review under responsibility of ICMPBE International Committee.
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
686   Feng Bao et al. /  Physics Procedia  33 ( 2012 )  685 – 689 
considered to describe the vertical feature of geological body? By contrast, the horizontal information of 
geological body could be explored in the seismic data. While geological data is supposed to by symbols, 
words and graphs, express the sedimentary facies, structural feature and distribution of source rocks of 
geological body in three-dimensional space. 
Petrophysical Data 
The goals and tasks of mining petrophysical data can be concluded as the following three categories: 
Transformation or Prediction Among the Different Parameters of Physical Properties. 
The correlation exists in parameters of physical properties, which means a physical property will 
change regularly with the other physical property’s change, and then the different types of parameters of 
physical properties can be transformed or predicted. The clay minerals are composed of kaolinlite, illite, 
andreattite and chlorite predict fourteen parameters in the mercury penetration in Table 1. From the table, 
clay mineral contents make precise predictions on the variation coefficient. Furthermore, the accuracy of 
predicting maximum pore-throat radius, displacement pressure, average capillary radius, median radius 
and pore-throat ratio is more than 60%. Therefore, the clay mineral contents of area seriously affect the 
pore-throat structure, especially the contents of kaolinite and andreattite restrict the development of pore 
and throat. The transformation and prediction among the different parameters of physical properties can 
explore impacts or constraints of different parameters and save the high cost. It is significant that as 
important parameters in oil and gas reservoir, the porosity, permeability and saturation are accurately 
predicted by other parameters. 
Predicting the Fluid Nature. 
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The most direct objective of mining petrophysical data is to predict the fluid nature of rock in natural 
conditions in accordance with the data about physical properties of core sample. The results of different 
types of petrophysical data alone or their combination directly predict fluid nature in block B. The 
physical property expressed by parameters with high accuracy in predicting fluid nature is a main factor 
to constraint fluid nature, such as A, M, B, N, mercury penetration, and cast thin section. They reflect the 
pore and throat structure from different angles, while the accuracy of which predict fluid nature is more 
than 80%. Therefore, the pore and throat structure is the main factor to restrict the fluid nature in the 
region of interest. At the same time, the clay mineral content, wettability, porosity and permeability are 
the minor factors. Additionally, when we try to combine mercury penetration parameters reflecting the 
pore and throat structure with the contents and types of clay minerals to predict fluid nature, we obtain the 
highest accuracy. The reason is that they can accurately reflect the physical properties of rock and the 
fluid nature of reservoir in the natural condition from various angles after combining different types of 
data. Furthermore, with petrophysical data to predict fluid nature, we can not only obtain the optimal 
model for prediction of fluid nature, but also acquire the relevant impacting or constraint factors to the 
fluid nature. What’s more, they may improve the formation evaluation and recognition system.  
Changing Rules Under Static and Dynamic Conditions. 
The changing rules of petrophysical data under static conditions mainly reflect changes with the depth 
and horizontal formation. The vertical and horizontal change rules of petrophysical data are the 
petrophysical facies, which play a vital role to research and verify the structure, sedimentary facies, 
diagenesis and compaction. The change rules of petrophysical data under dynamic conditions mainly 
represent changes with the time. As time goes by, the change rules of petrophysical data can tell us 
changes in the micro structure of rock in the different stages of oil and gas exploration and production. 
  Therefore, the change rules of petrophysical data under static and dynamic conditions should be mined, 
and it has a great significance to the oil and gas exploration and production in range of profitability of 
regional and local area. 
Logging Data 
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Logging data consists of two parts, the first part is the data we gain after converting the geological 
information into logging information by the well logging instrument; the other part is the reservoir 
physical properties data by calculation of core scale logging and automatically model after core location. 
Although the logging data are less precise and direct than the petrophysical data, they can accurately 
reflect the formation and fluid information from different angles and have a more general meaning to the 
formation evaluation and recognition. Consequently, the most prominent aim of mining logging data is to 
obtain the optimal model predicting fluid nature and recognize the oil and gas reservoir in the exploration 
and production. For a long time, the lower limit of reservoir is determined by the traditional cross plot, 
and its effect depends on human beings’ carefulness and comprehensive consideration. Additionally, the 
restriction of mindset and too much experience may cast huge influence on the lower limit of reservoir. 
What’s more, geological conditions are so complicated that the difficulty to determine the lower limit of 
reservoir is growing geometrically. Needless to say, it is difficult to obtain the lower limit of reservoir in 
the cross plot, and two or many times cross plot is in need. Therefore, the method has some shortcomings, 
such as heavy workload, large errors and so on. Fortunately, the data mining techniques are based on the 
strict mathematical logic and pick out the most accurate rate of parameters combinations as the lower 
limit of reservoir through the exhaustive and different parameters’ combinations, at the same time, the 
combination of the lower limits of different fluids nature is the predictive model. 
Seismic Data 
Seismic data is that the elastic wave stimulated by artificial method obtains information about the 
wave characteristic when locating the hydrocarbon reservoir, including compressional wave velocity, 
shear wave velocity, frequency, phase, amplitude, impedance and density and so on. Seismic data has 
obvious advantages in forecasting horizontal changes of reservoirs, including the upper or lower 
fluctuations in geometry and changes in thickness, even the existence of fault and piching. Compared 
with petrophysical data and logging data, the seismic data is poor in accuracy and resolution, but can 
obtain large and rich formation information. With the emergence of three-dimensional and 
four-dimensional seismic data, seismic data can describe changes of hydrocarbon reservoir under static 
and dynamic conditions from the space angle, and have a strong ability to describe the characteristics of 
hydrocarbon reservoir. Due to mass and complicated structure of seismic data, its mining methods and 
ideas are extraordinarily different from petrophysical data and logging data. Furthermore, the seismic data 
mining is not a purely mathematical problem and more specifically, the simple mining algorithms can not 
obtain actionable knowledge and effective results to benefit the oil and gas exploration and 
production.Therefore, it is essential to set up more boundary conditions from the domain knowledge and 
logging constrained seismic inversion model angel, and to design the corresponding algorithms according 
to special data structure in order to achieve the desired mining objectives. 
Geological Data 
Geological data is in forms of symbols, words and graphs to express sedimentary facies, structural 
feature, distribution of source rocks thickness and hydrocarbon generation ability and so on, through 
observations in field and experiments in laboratory. For the different types of geological data, it is 
essential to pick out corresponding mining methods and ideas to acquire valid information and achieve 
mining objectives. For the symbols and words of geological data, descriptive mining and text mining 
would be applied to reveal the deep meaning behind them. For the graphs of geological data, graph 
mining would be used, and image fusion techniques are the main methods. As a result, geological data 
mining, namely, mining symbols, words and graphs to acquire the valid and hidden information, at the 
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same time, it is essential to achieve visualization of them. Compared with petrophysical data, logging data 
and seismic data, the mining results of geological data mainly are descriptive consequences. Through 
extraction, transformation and integration of mining algorithms, geological information is expressed in a 
more intuitive and easier to be accepted form with symbols, words and graphs, which show sedimentary 
and structural characteristics of formation.  
Conclusions 
The contradictions of supplies and demands of oil and gas are increasingly prominent, which force us 
to find internal, unknown links and distribution rules of remaining oil and gas reservoirs. At the same 
time, this need will stimulate the booming development of oil and gas data mining and promise a splendid 
future for the oil and gas exploration and production, especially providing news methods and ideas for the 
exploration and production of subtle reservoir. 
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